Alcohol use disorder is an alarming health problem, and the withdrawal symptoms increase the risk of relapse. We have hypothesized that taurine, a multitarget substance acting as a gamma-aminobutyric acid A receptor (GABA A R) positive modulator and a partial inhibitor of N-methyl-D-aspartate (NMDA) glutamate receptors, may reduce the withdrawal symptoms or modify behaviors when combined with alcohol. Therefore, we investigated the effects of taurine on behavior in the open field test (OFT), the GABA A R α 2 subunit and BDNF mRNA expression in the frontal cortex of rats after chronic alcohol treatment or upon withdrawal. Rats received alcohol 2 g/kg (alcohol and withdrawal groups) or water (control group) twice daily by oral gavage for 28 days. On day 29, the withdrawal rats received water instead of alcohol, and all groups were reallocated to receive 100 mg/kg taurine or vehicle intraperitoneally, once a day for 5 days. On day 33, the rats were exposed to OFT; 18 h later, they were euthanized, and the frontal cortex was dissected for GABA A R α 2 subunit detection and BDNF mRNA expression determination by real-time quantitative PCR. Taurine administration restored rearing behavior to the control levels in the withdrawal rats. Taurine also showed anxiolytic-like effects in control rats and did not change the behaviors in the chronic alcohol group. Chronic alcohol treatment or withdrawal did not change the GABA A R α 2 subunit or BDNF mRNA expression in the frontal cortex, but taurine decreased the α 2 subunit level in control rats and to the BDNF levels in the alcohol rat group. We conclude that taurine restored exploratory behavior after alcohol withdrawal but that this effect was not related to the GABA A R α 2 subunit or BDNF mRNA expression in the frontal cortex of the rats.
Introduction
Alcohol use disorder is a public health problem that is associated with millions of deaths each year worldwide (World Health Organization, 2014) . Massive campaigns and policies to decrease alcohol dependence have resulted in little success, probably because the positive reward of alcohol use and negative symptoms of its withdrawal maintain its continuous use and increases the risk of relapse (Gilpin and Koob, 2008) .
Alcohol is mainly known as a depressor of the central nervous system (CNS), acting as a positive modulator of the gamma-aminobutyric acid A receptor (GABA A R). GABA A R is a ligand-gated ion channel with five subunits that are combined according to the function and brain area (Jacob et al., 2008) . Alcohol dependence is associated with changes in the α 2 subunit in the limbic brain areas, such as the frontal cortex, hippocampus, and amygdala (Kumar et al., 2009) .
Reinstatement after alcohol withdrawal has been linked to the glutamatergic pathway from the prefrontal cortex to NAcc overactivity, lower activity of the dopamine projection from the VTA to the medial prefrontal cortex, as well as lower activity of the GABA projection from the NAcc to the ventral pallidum (Koob and Volkow, 2010) . Craving, which is a key component of relapse, is related to overactivity in the glutamatergic pathway, from the frontal cortex to the basolateral amygdala, which projects itself to the ventral striatum (Koob and Volkow, 2010) . Indeed, alcohol withdrawal decreases the inhibitory function of GABA and increases the excitatory function of glutamate, leading to rebound hyper-neuronal excitability. This is related to behavioral changes such as seizures and anxiety, which increase the risk of relapse (Modesto-Lowe et al., 2005) . Therefore, novel pharmacological strategies to restore dopamine, GABA, and the glutamate balance during alcohol withdrawal may decrease craving episodes and the risk of relapse in alcoholics.
Alcohol and other drug abuse have been described to regulate brainderived neurotrophic factor (BDNF), known for its role in the growth, survival, and differentiation of developing neurons (Logrip et al., 2015; Russo et al., 2009) . Indeed, the chronic effects of moderate alcohol consumption increases the BDNF levels in the dorsal striatum of rats by activating the genomic mechanisms (Logrip et al., 2015) . Until now, little is known about the meaning of changes in BDNF expression during alcohol dependence and withdrawal.
Taurine, a sulfonated amino acid, acts as an agonist of GABA A R, hyperpolarizing the cells by increasing the Cl − influx (Albrecht and Schousboe, 2005) . Additionally, taurine presents osmoregulatory, antioxidant, and neuroprotective properties (Jong et al., 2012; Lambert et al., 2015) . Acute taurine administration shows an anxiolytic-like effect in mice and zebrafish (El Idrissi et al., 2009; Mezzomo et al., 2016) . Chronic treatment induces an antidepressant-like effect in diabetic rats (Caletti et al., 2015) . Taurine also prevents glutamate-induced neurotoxicity and inflammation in animal models of hypoxia (Albrecht and Schousboe, 2005; Schuller-Levis and Park, 2004) . Alcohol administration increases the endogenous taurine levels in the NAcc of both alcohol-preferring and non-preferring rats (Quertemont et al., 2000) . However, the taurine levels were higher in alcohol-non-preferring rats in this brain area, suggesting that taurine may attenuate the neurotoxic effects of alcohol in rats (Quertemont et al., 2000) . However, the multitarget mechanisms of taurine are not completely understood. Few studies have explored taurine's effects in combination with alcohol drinking on the withdrawal symptoms in rats. Therefore, the aim of this study was to investigate the effects of taurine on behavior and the mRNA expression of the GABA A R α 2 subunit and BDNF in the frontal cortex after chronic alcohol treatment or withdrawal in rats.
Methods

Animals
Adult male Wistar rats (n = 72), with a body weight of 250-280 g, were born and reared at the animal facility of Universidade Federal do Rio Grande do Sul (UFRGS), Brazil and were housed in polypropylene cages (3 rats/cage, 33 × 40 × 17.8 cm) under controlled environmental conditions (22 ± 2°C, 12 h light/dark (lights on at 7 a.m.), with free access to water and food (Nuvilab, Colombo, Brazil) . All the procedures were performed according to international and local policies for experimental animal handling and had been approved by the Ethics Committee for Animal Experimentation (CEUA-UFRGS #28722).
Saline, ethanol, and taurine solutions
Ethanol (98%) (Nuclear, São Paulo, Brazil) was diluted to 20% (w/ v) in distillated water. Alcohol solution was prepared daily and was administered as 10 mL/kg via oral (gavage). The alcohol dose (2 g/kg twice a day) was chosen based on the literature and from a previous study in our group (Schneider et al., 2015; Gilpin et al., 2009; Gomez and Luine, 2014) . This 2 g/kg dose increases blood alcohol concentration (BAC) up to 120 mg/dL at 60 min from the administration (Gilpin et al., 2009; Gomez and Luine, 2014) . BAC levels of 0.08 g/dL are considered binge drinking and typically occurs after 4-5 drinks for humans (Drinking Levels Defined, n.d.) . Control rats received the same volume of distilled water. Taurine (100 mg/kg; Biofarma, Porto Alegre, Brazil) was diluted in saline 0.9% and was administered intraperitoneally (i.p.). The control group received the same volume of saline 0.9% (vehicle), i.p. This dose of taurine was chosen based on the antidepressant and neuroprotective effects in rats (Caletti et al., 2015) and is the same dose that reduces voluntary alcohol consumption after acute administration (Olive and Hodge, 2001 ). Taurine treatment Fig. 1 . Experimental Timeline. Wistar rats were treated with 2 g/kg alcohol or distilled water, via oral gavage, twice a day (9 AM and 2 PM), 5 days/week, for 28 days. On day 29, alcohol was interrupted in the withdrawal group, and rats received 100 mg/kg taurine or vehicle, via i.p., once/day. On day 33, they were exposed to the open field test, after 1 h from the last alcohol/water or taurine/vehicle administration. Rats were euthanatized 18 h later under the same treatment, and the frontal cortex was dissected.
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Experimental procedure
Over 28 days, rats were treated for 5 consecutive days (Monday to Friday) with 2 g/kg alcohol (alcohol and withdrawal groups) or distilled water (control group) twice daily, at 9 a.m. and 2 p.m., by oral gavage (n = 24) (Fig. 1 ). Rats were weekly weighed for dose adjustment and control of weight gain. At day 29 to 33, rats from the withdrawal group received distilled water by gavage, instead of alcohol, and the alcohol and control groups received oral alcohol or water, respectively. Immediately after the gavage, all groups (n = 12/group) were administered with vehicle or taurine (100 mg/kg) via i.p. At day 33, after 5 days of taurine/vehicle treatment, rats were exposed to the open field test (OFT) for 5 min, 1 h after alcohol/water and taurine/vehicle administration. All behaviors were recorded for posterior analyses with the Kevin Willioma, KD Ware Computer software (Boston, MA, USA). On day 34, 18 h after the last administration of alcohol/water and taurine/vehicle, animals were euthanized, and the frontal cortex was dissected (bregma, 2.16-5.16 mm) (Paxinos and Watson, 2004) . The frontal cortex samples were used for analysis of the GABA A R α 2 subunit and BDNF mRNA expression by real-time quantitative PCR (qPCR).
Open field test
For locomotor activity and anxiety behavior observation, rats were individually placed in the center of an open box (80 × 80 × 40 cm) with the floor divided into 16 squares. A dim red light (25 W) illuminated the testing room. The behaviors were video recorded, and the number of squares crossed with all four paws (ambulation) in the center zone or near to the walls, and the latency to the first exit from the central zone were registered. Moreover, the frequency of and time spent in rearing and grooming behaviors, and number of fecal boli, were analyzed. The sum of ambulation in the central and peripheral zones were considered as the total ambulation, and the sum of the frequency of all active behaviors (ambulation, rearing, and grooming) were presented as total activity behaviors. All rats were tested both in the OFT between 1 and 4 p.m. and after the test rats were returned to their home cages, and the open field was cleaned with paper towels and water to remove any trace of odor to prevent interference with the behaviors of subsequent rats. The behaviors were analyzed by a trained researcher, blinded for treatments.
Real-time quantitative PCR
The relative gene expression of the GABA A R α 2 subunit and BDNF in the frontal cortex was determined using reverse transcription combined with real-time quantitative PCR (qPCR) and the 2 − ΔΔCT method (Livak and Schmittgen, 2001 ). For gene expression, 5-6 samples were randomly chosen from the animals subjected to the behavioral protocol. Total RNA was extracted from the frontal cortex using the Trizol™ Isolation Reagent Kit (Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions, and samples were stored at − 80°C. cDNA was synthesized using SuperScript III (Life Technologies, Carlsbad, CA, USA). DNA was quantified using a BioSpec-nano™ (Shimadzu, Kyoto, Japan). qPCR analysis was performed at least in duplicate using the StepOnePlus Real-Time PCR System (Life Technologies, Carlsbad, CA, USA). The set of primers for the GABA A R α 2 subunit (sense: 5′-GACAATGACCACATTAAGCATCAG-3′ and antisense: 5′-TC-TTG GCTTCGGCTGGCTTGTTCTC-3′), BDNF (sense: 5′-GATGAGGACC-AGAAGGTTC G-3′ and antisense: 5′-GATTGGGTAGTTCGGCATTG-3′), β-actin (endogenous control) (sense: 5′-TGTGATGGTGGGAATGGGTC-AG-3′ and antisense: 5′-TTGATGT CACGCACGATTTCC-3′), and GAPDH (endogenous control) (Glyceraldehyde-3-Phosphate Dehydrogenase) (sense: 5′-AACGACCCCTTCATTG ACCTC-3′ and antisense: 5′-CCTTGACTGTGCCGTTGAACT-3′) was chosen from the Rattus norvegicus data from the National Center for Biotechnology Information. The reaction contained 15 ng of cDNA and 2× Power SYBR Green PCR Master Mix (Life Technologies, Carlsbad, CA, USA), and the primer quantities were 0.32 μM of the GABA A R α 2 subunit and BDNF, 0.16 μM β-actin, and 0.64 μM GAPDH.
Statistical analysis
The data were tested for normal distribution using the ShapiroWilks test and were analyzed by two-way ANOVA with the condition (non-alcohol × alcohol × alcohol withdrawal) and treatments (vehicle x taurine) as factors, followed by Turkey's post hoc test when appropriate. The results are presented as means ± standard error of mean (SEM). Significance was set at P < 0.05, and statistical analysis was performed using the Sigma Stat Program (Jandel Scientific Co., v. 11.0, San Jose, CA, USA). Table S1 . We showed that 5 days of alcohol withdrawal decreased the rearing frequencies in the rats (P = 0.011; Fig. 2A ). Taurine treatment prevented this effect in the withdrawal rats and restored the rearing frequencies to the control levels (P = 0.021). An interaction between the alcohol regimen and taurine treatment was detected: taurine decreased the rearing frequencies in the control rats (P = 0.024) and increased the rearing frequencies in the withdrawal rats (P = 0.005; Fig. 2A) . Similarly, taurine increased the rearing durations in the withdrawal rats (P = 0.035) and decreased them in the control rats (P = 0.030), showing again, an interaction between the condition and treatment (P = 0.011; Fig. 2B ). Although the alcohol treatment did not significantly decrease the rearing frequencies, it decreased the time spent in rearing, despite the taurine treatment (P < 0.001). The rearing durations were almost 60% higher in the taurine-treated withdrawal rats than in the control rats (P = 0.024).
Results
A summary of the statistical analyses is presented in Supplementary
The only group with decreased latency to exit from the central area was chronic alcohol treatment, denoting the anxiolytic effects of alcohol (P < 0.001; Fig. 2C ). Taurine administration did not interfere with chronic alcohol. Chronic alcohol treatment also increased grooming (P = 0.048, Fig. 2D ), decreased the numbers of fecal boli (P = 0.039, Fig. 2E ), and increased the total (P < 0.001; Fig. 2F ) and central ambulations (P < 0.001; Fig. 2G ). None of these behaviors were affected by the taurine administration. On the other hand, taurine increased the central ambulation in the control (P = 0.017) but not in the withdrawal rats (P = 0.067, Fig. 2G ). Grooming durations were not affected by the chronic alcohol regimen or taurine treatment (data not shown). Concerning the total active behavior frequencies, the chronic alcohol rats were more active (154.00 ± 11.02) than were the control (98.83 ± 10.55) or withdrawal rats (80.40 ± 11.55) (P ˂ 0.001). Taurine did not change this parameter in any group (control = 80.70 ± 11.55; alcohol = 136.36 ± 11.02; withdrawal = 100.90 ± 11.55).
The alcohol regimen did not change the GABA A R α 2 subunit (Fig. 3 ) or BDNF mRNA expression in the frontal cortex of the rats (Figs. 3 and  4) . Taurine administration, however, significantly decreased the G-ABA A R α 2 subunit expression in control rats (P = 0.032), an effect not seen in chronic alcoholic or withdrawal rats. This was confirmed by interactions between the condition and treatment (Fig. 3) . Taurine also decreased the BDNF expression, specifically in the alcohol group (P = 0.009; Fig. 4) .
Finally, we detected no changes in the weight gain related to the alcohol regimen or taurine treatment in the experiment ( Supplementary  Fig. S2) .
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Discussion
Health problems related to alcohol dependence are alarming, and different strategies should be adopted for the management of alcoholuse disorders (World Health Organization, 2014) . In line with this thought, we have explored the effect of taurine, a non-essential amino acid that is used as a food supplement frequently added to energetic drinks (Higgins et al., 2010) . We have hypothesized that taurine may relieve withdrawal symptoms in an animal model of alcohol abstinence, by restoring the imbalance between GABA and glutamate systems, which are known to be related to different stages of the addiction cycle (Koob and Volkow, 2010; Gass and Olive, 2008) .
Here, we have explored the effects of short-term treatment with taurine on behavior and on the GABA A R α 2 subunit and BDNF mRNA expression in the frontal cortex of rats, after 5 days of abstinence, or with continuous alcohol treatment. We showed a lower frequency of , fecal boli (E), total (F) and central (G) ambulation. Control; alcohol-treated rats (4 g/kg/day, oral administration); withdrawal: 5 days alcohol withdrawal rats. Two-way ANOVA + Tukey test; n = 12/group. * difference between treatment (vehicle or taurine 100 mg/kg); a difference between condition (control, alcohol or withdrawal). Pharmacology, Biochemistry and Behavior 161 (2017) 6-12 rearing during alcohol withdrawal than in the control rats in the OFT. No other behavior was altered in animals during the alcohol withdrawal. The OFT is a common test that is used to explore alcohol withdrawal-induced anxiety in rodents, and usually, alcohol withdrawal decreases behaviors in the OFT in rats (Kliethermes, 2005) . We showed that rearing, which is an exploratory behavior, was lower after 5 days of abstinence in chronically treated rats (4 g/day, during 28 days). Other demonstrations of decrease rearing as an anxiety-like behavior at 24-48 h after alcohol withdrawal in the rats have been described (Karadayian et al., 2013) . However, studies exploring anxiety-like behaviors in rodents following chronic alcohol exposure have not been consistent (Kliethermes, 2005) . Some authors have found that alcohol withdrawal does not change behavior (Manley and Little, 1997; Poelchen et al., 2001) or that it inhibits locomotive behavior, such as total locomotion, time spent in the central area, and rearing, (Meert, 1994) or even that it promotes hyperactivity in rodents. (Uzbay and Erden, 2003; Mehta and Ticku, 1993) . A previous study by our group has also found hypoactivity in rats after 5 days of withdrawal, as evidenced by a reduction in the peripheral and total ambulation, rearing, and total activities (Schneider et al., 2015) . A reduction in total locomotion was also observed in the mice, seven days after withdrawal, in the free-choice novelty apparatus (Fukushiro et al., 2012) . These differences may be related to the dosage or intervals from the last alcohol administration, as seen by the temporal changes on locomotion after 1 h (decreased), 24 h (increased), and 120 h (restored to the control rats) after alcohol administrations (6-10 g/kg/day/v.o., 5 days) that were observed in the OFTs (Bomfim et al., 2014) . Short-term taurine treatment increased the rearing behavior in the withdrawal rats, preventing the anxiety-like behavior that was induced by the alcohol withdrawal. In vitro and in vivo studies have shown that taurine acts as a GABA A positive modulator, increasing the GABA levels and expression of glutamic acid decarboxylase (GAD), as well as the expression of the GABA synthesis enzyme, in different brain areas (El Idrissi and Trenkner, 2004) . Additionally, taurine acts directly as a partial inhibitor of the GluN2b-containing NMDA receptor subtype (Chan et al., 2015) and, indirectly, as a regulator of cytoplasmic and mitochondrial calcium homeostasis, both effects that are known to attenuate glutamate neurotransmission and excitotoxicity (El Idrissi and Trenkner, 2004; Chan et al., 2015) . These multitarget mechanisms may be useful for restoring GABA and glutamate imbalance by decreasing the risk of relapse in alcoholics. Additionally, while replicating the results of other studies, we showed that taurine presents an anxiolytic-like effect in the control rats, which was identified by increasing frequencies in the central area, the main behavior that is related to the anxiolyticlike effect of drugs in this particular animal model. Indeed, taurine supplementation increased the time spent in the OFT central area with mice, (El Idrissi et al., 2009) and it increased the time spent in the lit area in a light-dark apparatus by zebrafish (Mezzomo et al., 2016) . Benzodiazepines and other GABA A R agonist drugs, such as alcohol, usually increases the frequencies in the OFT central area (Prut and Belzung, 2003) . Beside its anxiolytic effects, taurine also decreased the frequencies and times of rearing in the control rats. The same pattern of behavior was found in the alcohol group, suggesting that taurine administration may replicate some alcohol effects, such as impaired motor coordination and balance in rats. Chen et al. (2004) found that a single administration of taurine (60 mg/kg) decreased the rearing behavior of mice, but not after 7 days of treatment when they were exposed to the OFT (Chen et al., 2004) . Moreover, benzodiazepines and related anxiolytic compounds decreased the rearing of mice and rats in the OFT, and this was not related to total ambulations (Kliethermes, 2005) . Although taurine presented anxiolytic properties, its effects were not consistent with those that are presented by classic anxiolytics (Chen et al., 2004) . Therefore, it is possible to assume that taurine acted as a GABA agonist in the control rats; however, in the withdrawal rats, taurine restored the balance of the glutamatergic and GABAergic systems that were lost during alcohol withdrawal. Behavioral changes in the OFT were more evident in the alcohol group, probably due to the acute effects of the alcohol. Rats in this group decreased the latency to exit from the central area and decreased the time that was spent in rearing. Moreover, the alcohol rats increased the frequencies in the central area and their total ambulations. All of these behaviors are in alignment with the anxiolytic and stimulant effects of alcohol in rodents after moderate alcohol dosages (Acevedo et al., 2014; Wscieklica et al., 2016) . Low to intermediate doses of alcohol increased the locomotion of the rats, while higher doses caused hypoactivity, due to the depressant/sedative effects of alcohol (Smoothy and Berry, 1984) . Agreeing with our results, others have also shown increased central locomotion, (Breier and Paul, 1990) together with the motor-stimulating effects of alcohol in rats (Acevedo et al., 2014) .
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Interestingly, taurine administrations did not change the behaviors in the alcohol group. Because taurine is a GABAergic substance, one could expect synergistic effects due to its combined use with alcohol. However, taurine did not increase the stimulant or anxiolytic effects of alcohol, with no apparent drug interactions. This unresponsiveness may be related to neuroplasticity from chronic alcohol use and downregulation of GABA A R in other brain areas than the frontal cortex because chronic use did not significantly decrease the GABA A R α 2 subunit expression in our study. In contrast, these lacks of drug interactions may allow alcoholics to take taurine prior to quitting drinking. Thus, relieving the negative reinforcement that is associated with the withdrawal syndrome and complying with guidelines that recommend reducing the doses and frequency of drinking. Additional studies will clarify whether taurine decreases the alcohol self-administration in rats Fig. 3 . Effects of taurine (100 mg/kg, i.p.) on the expression of α 2 GABA A subunit mRNA expression in the frontal cortex of control; chronic alcohol (2 g/kg, vo)-treated rats, or 5 days alcohol withdrawal rats. Two-way ANOVA + Tukey test; n = 6-7/group. * Difference between treatment (vehicle or taurine 100 mg/kg). Difference between treatment (vehicle or taurine 100 mg/kg).
Pharmacology, Biochemistry and Behavior 161 (2017) 6-12 or changes the GABA A R expression in other brain areas, such as in the NAcc or amygdala. As stated above, a different alcohol regimen (chronic use or abstinence) did not change the GABA A R α 2 subunit expression in the frontal cortex of the rats, and taurine treatment did not affect these parameters. Consistent with our study, Chen et al. (1998) did not find significant changes in GABA A R α 2 expression in the NAcc, amygdala, hippocampus, or cortical areas of alcohol-preferring rats after the chronic consumption of alcohol (Chen et al., 1998) . However, others have shown a downregulation of the GABA A R α 2 subunits without affecting the GABA binding sites in the cortical area of rats that were chronically administered with alcohol (Mehta and Ticku, 2005; Mhatre and Ticku, 1992; Mhatre et al., 1993; Montpied et al., 1991) . Indeed, we found a non-significant 26% decrease in the α 2 subunit expression in our alcohol-treated and withdrawal rats, while Montpied et al., 1991 found a very similar and significant 29% decrease in the α 2 expression in the cortex of rats after 14 days of alcohol inhalation, (Montpied et al., 1991) suggesting a downregulation of the GABA A R containing α 2 subunit.
Short-term alcohol consumption increases GABA A R function, and prolonged drinking decreases the number of GABA A R subunits or changes its subunit composition (Vengeliene et al., 2008) . Downregulation of GABA A R may cause hyper-excitability, anxiety, seizure, or other withdrawal syndrome symptoms (Vengeliene et al., 2008) . Here, we have shown that taurine decreased the GABA A R α 2 subunit expression by 42%, but only in the control rats. In vitro studies have shown that chronic exposure of cultured cortical neurons with GABA A R agonists downregulates the expression of the α 2 subunit, a function that may be related to a decrement in the number of binding sites (Mhatre and Ticku, 1994) . We cannot exclude that repeated treatment (5 days) with taurine decreased the α 2 mRNA expression in the control rats when related to increasing GABA and decreasing the glutamate neurotransmission in the frontal cortex of the rats. Regarding the withdrawal and alcohol groups, we have suggested that neuroplasticity by chronic alcohol administrations affected the responses to taurine. Further studies would be necessary to analyze whether longer times of abstinence or taurine treatments could interfere with these results.
Although consistent, our results possess some limitations. First, we cannot exclude that the daily manipulations and invasive procedures interfered with the results. It is already known that intragastric intubation enhances hypothalamic-pituitary-adrenal (HPA) axis activities, as well as the alcohol withdrawal itself (Buck et al., 2011) . Thus, the changes in behavior in our withdrawal rats may be related, not uniquely, to alcohol withdrawal but also to prolonged stress imposed by our protocol. However, we chose the method of oral administration because the voluntary alcohol consumption model also presents stress that is related to social isolation, in addition to an uncertainty about the daily alcohol intake. Moreover, body weight, a physiological marker of chronic stress, (Gomez and Luine, 2014) was not affected by our treatments (Supplementary Fig. S2 ). A previous study has shown lower weight gains in alcohol rats than in the control rats, after being treated daily with 2 g/kg alcohol, once a day, for 7 days (Gomez and Luine, 2014) . We are confident that twice a day gavage, for > 4 weeks, habituated the rats more easily than once a day and a shorter time and, consequently, produced decreased stress related to the administrations. Indeed, after five or six days from the beginning of the experiments, we observed a more collaborative behavior for gavage administrations in our rats. Another limitation of our study is that we cannot confirm that our behavioral results are related to repeated (100 mg/kg, for 5 days) or acute (OFT after 60 min) taurine administrations. However, in a previous study, the authors have shown anxiolytic-like effects of taurine (42 mg/kg) after acute administration, but not after repeated taurine administrations, although the mice were tested 40 min after the last taurine administration (Chen et al., 2004; Kong et al., 2006) .
Finally, the BDNF expression did not change in the frontal cortex of the alcohol or withdrawal groups under our experimental design. The results from other studies are contradictory, with the BDNF changing according to the brain area and alcohol treatment (McGough et al., 2004; Pandey et al., 1999; Schunck et al., 2015) . While 2 weeks of an alcohol liquid diet, followed by 24 h of withdrawal, decreased the BDNF expression, 3 weeks of alcohol gavage administration, followed by 12 days of withdrawal, increased it in the frontal cortex of rodents (Pandey et al., 1999; Schunck et al., 2015) . On the other hand, 10 days of voluntary alcohol consumption, or alcohol vapor exposure, did not change the BDNF mRNA expression in the frontal cortex of rats (McGough et al., 2004) . Indeed, most studies have shown that chronic alcohol administrations decrease the BDNF mRNA expression focus in the hippocampal area (Hauser et al., 2011; MacLennan et al., 1995) . In our result with the frontal cortex, the ALC group showed a tendency to increase (34%) the BDNF levels. This result may not have statistical significance due to the long interval (18 h) between the last dose of alcohol and brain dissections. Cocaine self-administration elevates the BDNF mRNA levels in the NAcc of rats (Graham et al., 2007) . Interestingly, BDNF infusion in the NAcc area increases drug intake and drug-seeking behavior, enhancing the drug craving after cocaine withdrawal (Graham et al., 2007) . We suggest that neurotoxicity by alcohol, cocaine, and other drugs of abuse may stimulate neurotrophic factors, such as BDNF, according to the dose and regimen. This hypothesis was supported by the taurine administrations in the alcohol group. In these animals, taurine decreased the BDNF mRNA levels. Taurine is a neuroprotective amino acid that acts as a GABA A agonist and is a partial inhibitor of the NMDA glutamate receptor (El Idrissi and Trenkner, 2004; Chan et al., 2015) . Studies have shown that blockade of the stimulation of the GABAergic system and/or the glutamate receptors reduced the BDNF mRNA levels in the hippocampus of rats (Licata et al., 2013; Zafra et al., 1991) . Despite the neurotoxicity related to abstinence, we did not find changes in the BDNF levels in the withdrawal group, possibly related to a longer interval of abstinence (5 days).
Conclusions
According to our results, taurine prevented a decrease in the exploratory behavior after alcohol abstinence and it showed anxiolyticlike effects in the control rats. Taurine also decreased the BDNF mRNA expression in the frontal cortex of the alcohol rats, denoting neuroprotective effects of this amino acid. Finally, taurine decreased the GABA A R α 2 subunit, but only in the non-alcoholic control rats. Taurine treatment only reversed the behavior in the withdrawal rats and the BDNF levels in the alcohol rats. Taken together, these results provide evidence that chronic alcohol consumption or alcohol abstinence disturbs the behavioral responses of taurine, as well as the GABA A R α 2 subunits and BDNF mRNA expression in the frontal cortex of rats. Additional studies need to be conducted to explore other taurine dosages, longer treatments, or animal models with an alcohol dependence. Because taurine is safe and cheap, and presents multiple mechanisms, it may be an important adjuvant in the treatment of alcohol withdrawal symptoms in humans.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.pbb.2017.09.001.
